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Whittaker (1960, 1972) ﬁrst proposed the idea that
species diversity has spatial components, with alpha
diversity estimating diversity within individual stands (or
communities) and beta diversity estimating the number
of community types in an area (or in Whittaker’s ter-
minology, ‘‘differentiation of communities along gradi-
ents’’). These two values combined make up gamma
diversity. Beta diversity is important because it provides
the conceptual link between local and regional diversity,
more directly measures how soil types, disturbance, and
dispersal affect diversity, and is helpful in understanding
why species loss is sometimes smaller than predicted by
theory (Wilsey et al. 2005). Many interesting and long-
standing questions are applied across scales, such as how
much diversity is found within islands vs. across islands?
Is the number of habitat types (i.e., beta) within islands
key to explaining diversity at larger scales or is it the
greater population sizes found on large islands? Fur-
thermore, a consideration of both alpha and beta is
necessary for understanding how diversity arises and is
maintained in diverse systems. For example, in the
northern Great Plains, we have found that remnant
prairies can contain over 120 plant species within a small
area (Wilsey et al. 2005); this occurs because of high
diversity at the neighborhood scale where 20–25 species
are found per square meter (Martin et al. 2005), and from
species accumulation across neighborhoods (i.e., beta).
Many different approaches to estimating beta have
been forwarded since Whittaker introduced the concept,
and many sampling and statistical issues have been
discussed. To an empirical ecologist, the key question
when deciding which approach to use is ‘‘Will we get
different answers to a question depending on the beta
measure that we use?’’ Here, I address this question by
testing whether commonly used indices (multiplicative
and additive measures) differ in their response to a
common set of ecological treatments.
Whittaker proposed a multiplicative form for beta
(mb) as b¼ c/a. A simple way to describe this equation
is that alpha is species diversity within communities, and
beta is the number of community types in the region
(Jost 2007). A major issue with the among- vs. within-
community approach is that the scale at which a is
sampled varies so that alpha is used to estimate point
diversity in some studies (e.g., at the scale of a sampling
station or quadrat) and is used to estimate something
larger (e.g., an island in an island biogeography study) in
other studies. This makes sense in that beta describes a
general concept of species accumulation across lower
levels of organization, but it creates a problem in that
one person’s alpha (e.g., an island) is another person’s
gamma (e.g., an island, if alpha is at the scale of
neighborhoods within the island). The additive form of
beta (ab), b ¼ c  (mean a), has become popular in
recent years (Lande 1996, Veech et al. 2002, Crist et al.
2003) because it can easily be applied at different spatial
scales to address these issues in an effective manner. The
additive form has the following advantages over the
multiplicative form: (1) alpha and beta are in the same
units, and (2) it enables estimates of beta even when the
boundaries between communities are hard to discern,
and thus, (3) it more easily allows multiple levels of beta.
With additive beta, one can ask questions about how
beta changes with the scale of measurement, and it ﬁts in
well with other topics in the popular ﬁeld of landscape
ecology.
However, Jost (2007) and Riccota (2007) correctly
point out that ab is not mathematically independent of
additive a. They recommend using multiplicative forms
of beta, alternative forms of additive beta based on
numbers equivalents (Jost 2007), or proportions of ad-
ditive alpha and beta to gamma (a/c and b/c [or
propB]; Riccota 2007). To provide a simple ecological
example that illustrates their point about a lack of
independence: imagine a relatively homogenous ﬁeld of
herbaceous plants surrounded by a very large regional
species pool with a consistent amount of species turn-
over throughout. Three studies are conducted in this
same ﬁeld, each group uses a different sized quadrat to
sample, and all have the same sample size. Let us
assume that they all sample the ﬁeld without error. The
ﬁrst uses the smallest-sized quadrat and ﬁnds a mean
alpha of 20 and gamma of 30. The second uses a
medium-sized quadrat and ﬁnds a mean alpha of 40 and
gamma of 60. The third uses a large-sized quadrat and
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ﬁnds alpha of 60 and gamma of 90. Since the ﬁeld is the
same and it has a consistent amount of turnover
throughout, the three groups should come up with the
same estimates of beta diversity. This is true of
multiplicative beta and proportion of beta using the
additive partitioning, but not with the absolute
measures of additive beta. That is, the ﬁrst group ﬁnds
a mb of 30/20 ¼ 1.5, and a propB of (30  20)/30 ¼
0.333, the second a mb of 60/40 ¼ 1.5 and a propB of
(60 40)/60 ¼ 0.333, and the third a mb of 90/60¼ 1.5
and a propB of (90  60)/90 ¼ 0.333. This can be
interpreted to mean that there are 1.5 community types
in this ﬁeld (Jost 2007). So far so good. However, ab is
not the same across studies, and alpha is not
independent of beta and gamma, even though the ﬁeld
is homogenous and should give the same beta values.
Making the calculations, the ﬁrst group ﬁnds ab of 30
20¼ 10, the second 60 40¼ 20, and the third 90 60
¼ 30. Now, let’s say that people later compare the
results from these studies, perhaps in a meta-analysis.
Comparing these ab estimates would give the meta-
analyst the false impression that beta ranges from 10 
30 when it does not (they all accurately sampled the
same ﬁeld). However, the mb and propB would give an
accurate description of the difference among the three
studies. What about comparing multiple sites (giving
multiple cs) with the same sized quadrat or sampling
scheme? If alpha varies across sites, then ab is going to
rise and fall with alpha in the same manner with the
same problems previously described.
This dependence of beta on alpha is different from
the dependence within sites that was discussed by Veech
and Crist (2010). Within sites, the relationship between
alpha and additive beta can be negative when raw
values and not means are used, because the closer alpha
is to gamma, the lower beta will be (Veech and Crist
2010). However, the partitioning approach advocated
by Lande (1996) and reviewed by Veech et al. (2002)
uses mean alpha, which should be positively related to
beta when alpha varies across sites.
Data from a thought experiment are one thing, but
what about a real-life example? We have been conduct-
ing a long-term restoration experiment in Iowa that
consists of seed additions of 30 native prairie species to
bare-ground plots in former brome (Bromus inermis)
ﬁelds. Seed mixes were added independently to 120 plots
within each of two sites in a manner that would provide
multiple independent values of alpha, beta, and gamma.
The experiment involved establishing treatments that
vary species arrival order and disturbance history, over-
seeding all plots with a common seed mix, and then
sampling the resulting communities to test how treat-
ments affected plant community assembly. An abbrevi-
ated set of results will be presented here to test whether
conclusions vary depending on which beta measures
are used. Beta was calculated using the most com-
monly recommended measures of diversity, species
richness (R p0i ) Shannon’s (e
H0 ¼ exp[R ln(pi) 3 pi]),
and Gini-Simpson’s (1  R p2i ), where pi is the relative
abundance of each (ith) species in the sample or com-
bined samples.
Experimental Design
The experiment was established between April 2005
and April 2006 using a split-plot design at two sites that
differed in their net primary productivity with ﬁve early-
emerging species treatments applied to main plots, and
four history treatments applied to subplots. In 53 5 m
main plots, seeds of early-emerging species were
established as six single-species treatments at a rate of
11.5 kg/ha: (1) the perennial C3 grass Elymus canadensis,
(2) the perennial C4 grass Bouteloua curtipendula, (3) the
annual C3 legume Chaemacrista fasciculata, (4) the
biennial C3 forb Rudbeckia hirta, (5) a mix of all four
species, and (6) controls with no early-emerging species
added. Species were selected because they emerge early
in the establishment period compared to other members
of their functional groups. The key prediction is that
species will admit members of other functional groups
more readily than members of their own functional
groups, and that this will lead to enhanced beta diversity
among plots. In 23 2 m subplots within each main plot,
the following history treatments were applied using a
seed mix of 30 native prairie species: (1) early-spring
seeding of both the early-emerging species and the seed
mix, (2) early-spring seeding of the early-emerging
species with the seed mix added the following year in
the spring, (3) late-summer seeding of both the early-
emerging species and the seed mix, and (4) late-summer
seeding of the early-emerging species with the seed mix
added the following year in the spring. These history
treatments were predicted to lead to enhanced beta
diversity due to priority effects (seed mix added at the
beginning vs. the growing season after early-emerging
species had established) and timing of disturbance
(spring vs. fall for seedling emergence). Timing was
predicted to affect the establishment of functional
groups differently due to either increasing soil temper-
atures and day lengths (early spring seeding favoring C4
plant species) or decreasing soil temperatures and day
lengths (late summer seeding favoring C3 species). The
original design had 30 main plots at each of the two
sites, and 4 subplots per main plot for 2 sites3 6 species
treatments 3 5 replicates 3 4 subplot treatments ¼ 240
total. Thus, each of the 240 plots received a separate
seed mix, and a total of 60 independent gamma and
mean alpha values could be calculated at the subplot to
main-plot level. One plot at one site had to be dropped
due to an accidental mowing event, for 236 subplots
total, and 59 gamma values.
Abundances of each plant species were estimated in
the center of each subplot with point intercept sampling
in mid-July of the second growing season (July 2007).
All hits were counted per pin so that data would be more
strongly correlated with biomass. Relative abundance
was calculated as abundance of each species by the total






number of hits. Pins were dropped 20 times per plot
from a 50 3 100 cm frame in a systematic manner.
Occasionally, there were species in the plot that did not
receive any hits. These were given a value of one hit and
were included in the estimates of species richness.
RESULTS AND DISCUSSION
Relationships between alpha and beta depended
greatly on which measure was considered (Fig. 1, Table
1). As in our thought experiment, and in accordance
with a mathematical dependence between alpha and
beta, the alpha and additive beta measures were strongly
positively correlated for all measures considered except
for the Gini-Simpson’s index. Additive richness was
strongly related to alpha values (slope¼ 1.3, r2¼ 0.65, P
, 0.001). However, multiplicative richness and the
proportion of additive beta were statistically indepen-
dent of alpha (all P values . 0.05). Additive eH
0
(slope¼
1.2, r2 ¼ 0.67, P , 0.001) was much more strongly
related to alpha eH
0
than were multiplicative eH
0
(slope¼
0.17, r2 ¼ 0.38, P , 0.001) and proportion of additive
beta (slope ¼ 0.08, r2 ¼ 0.40, P , 0.001). Interestingly,
and as predicted by Jost (2007), the Gini-Simpson’s
index was not independent of alpha, and the slope
depended on how close alpha was to 1. In the more
mesic site, the relationship between alpha and the Gini
index was negative (slope¼0.29, P , 0.001, r2¼ 0.34).
This site had higher alpha values. At the more xeric site,
the relationship was weakly positive (slope ¼ 0.16, P ¼
0.018, r2¼ 0.18). Thus, values from both sites converged
as alpha neared 1, and the ratio alpha/gamma ap-
proaches unity (Jost 2007). These results suggest that the
Gini-Simpson’s index should be avoided in beta di-
versity studies, contrary to what was recommended by
Lande (1996) and Veech et al. (2002).
A very large amount of beta diversity was found when
subplots were combined across history treatments
regardless of the early-emerging species treatments
(Table 1). Greater than half of the species richness
and 17–49% of Shannon’s diversity at this level was
from beta, and there were on average about two
different community types within each main plot as a
result of history treatments. This is ecologically very
interesting because it was associated with the propor-
tions of native/exotic species and C3/C4 species across
history treatments; this will be developed further for a
future publication.
At the across-site level, there was less beta than at
the across-history-treatment level (mb and propB),
even though the sites were orders of magnitude further
apart and on different soil types with different pre-
cipitation levels. However, notice that ab for richness
was much higher at the across-site level (20) vs. the
FIG. 1. Relationships between alpha diversity and additive (top panels), multiplicative (middle panels), and proportion of
additive (prop, lower panels) beta using diversity measures of species richness (S, left-hand panels), Gini-Simpson’s 1  D (GS,
middle panels), and Shannon’s eH
0
(right-hand panels) at two sites (open and solid circles).






across-history-treatment level (4.4  11.0) again due to
the dependence of additive beta and alpha.
These empirical results suggest that it does matter
which index is used in beta diversity studies. This
statistical dependence of the absolute measure of
additive beta on alpha creates problems with interpre-
tation and I suggest that the raw additive beta measure
should be avoided when there are differences in alpha
(and gamma) between sites or samples. However, there
are many studies in the literature that have analyzed the
absolute measure of beta since the additive partitioning
method was advocated (e.g., Polley et al. 2005,
Hendrickx et al. 2007, Brudvig 2009). Ecologists may
be reluctant to see these types of comparisons of ab
across sites as a problem because alpha and gamma are
important variables. They may intuitively sense that the
sites that they are studying do indeed have different
alphas and gammas. In fact, the ﬁrst and most
important step in any study is to compare alpha and/or
gamma diversities. However, beta should provide a
value that is not mathematically related to alpha or
gamma (Jost 2007, Ricotta 2007). With beta values that
are mathematically independent of alpha, we can
compare sites with different levels of alpha diversities
across scales, and we can more effectively compare and
contrast different studies. The absolute measure of
additive beta is only useful in comparing plots/sites
when the alpha values do not vary across the units that
are being compared (Jost 2007, Ricotta 2007). Sites/
samples can be compared more effectively by not
analyzing the absolute measure of beta, but instead by
using the propB, the mb, or by using ANCOVA or other
statistical techniques that take into account this
codependence (Veech and Crist 2010).
The Gini-Simpson’s index should be avoided in
diverse sites when its values approach 1. As Jost
(2007) pointed out, this will be most problematic in
the most diverse sites. For example, we commonly
record a values of the Gini-Simpson index of 0.9 in
diverse tallgrass prairie plots (Martin et al. 2005). In this
situation, b can not exceed 0.1 regardless of how much
species turnover there is. This problem can be remedied
by using diversity measures (e.g., Shannon’s or Simp-
son’s 1/D) that do not have an upper limit of one.
Finally, some ﬂexibility is needed in deciding among
the recommended indices used to estimate beta diversity.
We will need to continue to interpret across study
systems and to compare results to earlier time periods.
The approaches in comparing beta diversity discussed
here (proportion of additive beta or multiplicative beta
indices), or using approaches not discussed (similarity-
index-based ordination [Legendre et al. 2005] and
rarefaction-curve-based approaches [Olszewski 2004])
are all valid ways to proceed. The general approach to
use will depend on the objectives of the investigation.
For example, if an experiment on diversity maintenance
is designed to compare alpha and gamma diversity
indices, then using the approaches discussed in this
paper are logical ways to proceed. Converting ‘‘entropy’’
values to their numbers equivalents before interpreting
them is helpful for the reasons pointed out by Hill (1973)
and Jost (2007). If analyses of species composition
differences or species-area curves are being conducted,
then the logical choice is to use one of the latter choices
that were not discussed here. We can then move beyond
these discussions on how to calculate beta diversity to
the important task of discerning what processes underlie
observed patterns of beta.
TABLE 1. Alpha, beta, and gamma species richness and diversity in experimental plots in two sites in Iowa, USA (a less-productive
site, WRF, in Monona County, and a more-productive mesic site, Hort, in Story County).
Source
Species richness Gini-Simpson’s diversity (1  D) Shannon’s diversity (eH0)
a ab mb propb c a ab mb propb c a ab mb propb c
WRF subplot 11.5 0.59 4.5
Control 5.9 6.5 2.1 0.51 0.53 0.07 1.13 0.11 3.2 1.3 1.3 0.22
Elymus 5.5 6.1 2.1 0.51 0.49 0.06 1.09 0.07 3.1 1.3 1.4 0.25
Chaemacrista 6.1 7.1 2.1 0.51 0.54 0.10 1.22 0.17 3.6 1.9 1.4 0.29
Bouteloua 5.4 5.5 2.0 0.50 0.61 0.07 1.11 0.10 3.6 1.4 1.3 0.24
Rudbeckia 4.8 4.4 1.9 0.46 0.43 0.06 1.12 0.11 2.6 0.6 1.2 0.17
Mix 5.7 6.3 2.1 0.52 0.53 0.07 1.12 0.10 3.4 1.1 1.3 0.20
Hort subplot 16.5 0.77 7.5
Control 8.4 9.8 2.2 0.53 0.66 0.16 1.24 0.19 4.7 3.9 1.8 0.44
Elymus 8.5 11.0 2.3 0.56 0.74 0.12 1.17 0.14 5.4 5.1 2.0 0.49
Chaemacrista 7.8 8.7 2.1 0.52 0.65 0.16 1.26 0.20 4.6 3.7 1.8 0.43
Bouteloua 6.6 8.4 2.3 0.55 0.51 0.19 1.38 0.27 3.5 2.2 1.6 0.37
Rudbeckia 7.5 8.9 2.2 0.54 0.61 0.16 1.27 0.20 4.0 2.7 1.7 0.40
Mix 5.4 8.1 2.6 0.61 0.48 0.19 1.38 0.30 3.2 2.2 1.7 0.38
Sites mean 49 20 1.4 0.29 0.76 0.06 1.08 0.07 9.20 2.25 1.2 0.20
Across-site c 69 0.82 11.5
Notes: Subplot means are alpha (a diversity in subplots), additive and multiplicative beta (ab and mb) and proportion of beta
diversity (propb) across four history treatments that varied timing of seeding and priority effects. Beta was calculated using the
most commonly recommended measures of diversity: species richness (R p0i ), Shannon’s (e
H0 ¼ exp[R ln(pi) 3 pi]), and Gini-
Simpson’s (1 R p2i ), where pi is the relative abundance of each (ith) species in the sample or combined samples.
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